Design Research (DR) creates, builds, and evaluates innovative artifacts such as constructs, models, methods, and instantiations as well as operational information systems. It also investigates approaches, methods, behaviors, and processes related to design. Although the design research paradigm as an engineering approach in Information Systems (IS) research has been actively discussed in recent years (Hevner et al., 2004) , comparatively little design related research has made its way into the IS community by means of widely recognized and outstanding publications. Human-Computer Interaction (HCI) Research is concerned with the ways humans interact with information, technologies, and tasks; especially in business, managerial, organizational, and cultural contexts (Zhang et al., 2002) . Despite the realization that it is important for HCI research to focus on all issues that occur along the lifecycles of any information and communication technology (ICT) artifacts, IS scholars have traditionally put less effort into the design and development stage and more effort into the use and impact stage (Zhang and Li, 2005; Zhang et al., 2009) .
THE IMPORTANCE OF DESIGN RESEARCH IN HCI
Design Research (DR) creates, builds, and evaluates innovative artifacts such as constructs, models, methods, and instantiations as well as operational information systems. It also investigates approaches, methods, behaviors, and processes related to design. Although the design research paradigm as an engineering approach in Information Systems (IS) research has been actively discussed in recent years (Hevner et al., 2004) , comparatively little design related research has made its way into the IS community by means of widely recognized and outstanding publications. Human-Computer Interaction (HCI) Research is concerned with the ways humans interact with information, technologies, and tasks; especially in business, managerial, organizational, and cultural contexts (Zhang et al., 2002) . Despite the realization that it is important for HCI research to focus on all issues that occur along the lifecycles of any information and communication technology (ICT) artifacts, IS scholars have traditionally put less effort into the design and development stage and more effort into the use and impact stage (Zhang and Li, 2005; Zhang et al., 2009) .
We contend that the Design Research stream and the HCI research stream are inherently related and highly overlapping, representing different perspectives and approaches toward similar objects: ICT artifacts that humans interact with for various purposes. It is important to encourage active research efforts to make progress and research contributions at the intersection of these two streams. The goal of this special issue is to focus scholars' attention on this intersection and to provide an opportunity for active researchers in both DR and HCI to showcase their current work using the DR paradigm to address broad HCI issues. The application of design research to human-computer interaction represents a unique set of challenges due to the multidisciplinary nature of the HCI field. HCI research draws from a large number of existing disciplines including cognitive science, computer science, education, engineering, graphic design, human factors, information systems, library and information sciences, management, psychology, and sociology. A key tension in HCI is the perception that there is a divide between the 'hard' and 'soft' sciences that ground HCI research (Carroll, 2006) . The seminal works of Herbert Simon with his Sciences of the Artificial (Simon, 1996) and Allen Newell with his theoretical characterization of HCI (Newell and Card, 1985) clearly establish the central role of design in HCI practice and research. Over the years, however, many researchers, including Newell himself, became concerned that an overemphasis on engineering design in HCI would diminish the importance of the softer sciences of human factors, cognitive psychology, and societal impacts. In contrast, Carroll (2006) argues that the sometimes conflicting objectives of the hard and soft sciences provide an 'essential tension' in HCI research that makes the field a vital and extraordinary science.
The HCI community in IS has historically focused its efforts on analyzing the impacts of HCI artifacts in business, managerial, organizational, and cultural contexts; less effort has been put into innovative design contributions (Zhang and Li, 2005; Zhang et al., 2009) . Recent essays on the future of HCI research by Benbasat (2010) and Lyytinen (2010) particularly call for a greater design focus in research to increase the practical relevance of the HCI contribution. This special issue, the very first special issue of AIS Transactions on Human-Computer Interaction, is an answer to the call.
In this editorial introduction, we briefly position design research in the context of HCI research with a focus on the design and development stage of HCI artifacts' lifecycles. This is followed by an introduction of the four papers contained in this special issue.
THE ROLE OF DESIGN IN HCI RESEARCH
The activities of design research can be viewed as three cycles as seen in Figure 1 (Hevner 2007) . The completeness and reach of a design research project can be assessed by describing the activities and results of these cycles. The relevance cycle initiates design research within an application context that not only provides the requirements for the research (e.g., the opportunities/problems to be addressed) as inputs but also defines acceptance criteria for the ultimate evaluation of the research results in the application context.

The rigor cycle provides past knowledge to the research project to ensure its innovation. To guarantee that the designs produced are research contributions to the knowledge base and not routine designs based upon the application of well-known processes, this cycle is reliant on the researchers' thorough examination of the extant literature.
The internal design cycle is the crux of any design research project. This cycle of research activities iterates rapidly between the building of an artifact, its evaluation, and the use of subsequent feedback to refine the design further. The requirements (opportunities and constraints) are input from the relevance cycle and the theories and methods used to build and evaluate are drawn from the rigor cycle. It is important to understand the dependence of this design cycle on the other two cycles while also appreciating its relative independence during the actual execution of the research.
Design research in HCI must draw its relevance from a real-world application need and ground its build and evaluate activities via rigorous appropriation from the knowledge base of theories and methods. While HCI evaluation activities are well understood in the IS community (Cairns and Cox, 2008; Benbasat, 2010; Prestopnik, 2010) , less is known on how to build innovative HCI artifacts.
A vitally important first step is to identify what constitutes an HCI artifact in design research. March and Smith (1995) define an IT artifact as a construct, model, method, or instantiation. Table 1 presents some examples of HCI artifacts in each of these categories. We draw these examples from well-known resources in the HCI community (e.g., Shneiderman and Plaisant, 2010; Te'eni et al., 2007; Tidwell, 2006) . The design of HCI artifacts is essentially a search process to discover an effective solution to an HCI problem. Problem solving can be viewed as utilizing available means to reach desired ends while satisfying laws existing in the environment (Simon, 1996) . Abstraction and representation of appropriate means, ends, and laws are crucial components of design research. These factors are problem and environment dependent and invariably involve creativity and innovation. Means are the set of actions and resources available to construct a solution. Ends represent goals and constraints on the solution. Laws are uncontrollable forces in the environment. Effective HCI design requires knowledge of both the application domain (e.g., requirements and constraints) and the solution domain (e.g., technical and organizational aspects).
DESIGN RESEARCH IN HCI: SPECIAL ISSUE PAPERS
In response to the call for the special issue, a total of 15 papers were submitted, including nine original research papers, three theory & review papers, one research note, one issues & opinions paper, and one research commentary. These submissions came from a total of 36 authors in all three regions affiliated with schools such as business, information science and technology, informatics, design, communication and media studies, industrial engineering, computer information systems, computer engineering, computer science, and industry. Together, the articles cover a wide range of important topics for design contributions in HCI. After an initial screening followed by two to three rounds of rigorous review and revisions, this special issue includes a total of four exemplary papers. Together, these four research projects advance our understanding of how rigorous design research methods can be applied to important and relevant HCI problems. Brief overviews of the accepted papers are given here.
 Derrick, Jenkins, and Nunamaker design a novel and unique class of intelligent agents known as Special Purpose Embodied Conversational Intelligence with Environmental Sensors (SPECIES) agents. As information systems increase their ability to gather and analyze data from the natural environment, and as computational power increases, the next generation of human-computer interfaces will be able to facilitate more lifelike and natural interactions with humans. This can be accomplished through using sensors to noninvasively gather information from the user, employing artificial intelligence which interprets this information to perceive users' emotional and cognitive states, and responding to the user with customized interfaces and responses based on embodied-conversational-agent (avatar) technology. The authors build on interpersonal communication theory to specify four essential design principles of all SPECIES agents. They present initial findings that demonstrate how SPECIES agents can be deployed to augment human tasks.

Zheng and Vaishnavi design a visual exploration method for prioritizing projects based on multi-dimensional perceptual maps. When prioritizing projects for funding, managers usually evaluate multiple dimensions of project data. Such data are typically condensed into one or two aggregated indicators. However, aggregated scores may only offer a limited view of project importance. This often leads decision makers to ignore the possible differences masked by aggregation. Following the design science research paradigm, the authors present a visual exploration method based on multi-dimensional perceptual maps. The method incorporates human intuition in the process, and maintains the multidimensionality of project data as a decision basis for project prioritization and selection. A prototype system is developed and qualitatively evaluated by a group of project managers. The qualitative analysis of the data supports the utility and usability of the system.
Luse, Mennecke, Triplett, Karstens, and Jacobson propose a method for the design of security visualization products. Research surrounding visualization for computer and network security has produced several accepted methods for developing security visualization products. This paper melds the research of the three competing frameworks. A group of corporate network administrators develop, use, and evaluate a security product which incorporates the proposed design method. Findings show that users of the system believe the improved system has increased their respective performance at completing network security tasks and are likely to use such a system in the future.
 Yetim discusses Value Sensitive Design (VSD) as a framework for producing and evaluating a design outcome by taking into account human values. Drawing on discourse ethics, the author analyzes the current state of VSD and identifies gaps such as the lack of explicit methods for supporting a deliberative process of decision making with respect to concerns including the identification of stakeholders, the justification of trade-offs in the case of competing or incommensurate values, and the selection of design goals and means. The author proposes improvements to VSD based on the standards of discourse ethics by drawing on the knowledge base of critical research in IS. The applicability of the ideas in this paper is explored in a case study. Copyright © 2011 by the Association for Information Systems. Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and full citation on the first page. Copyright for components of this work owned by others than the Association for Information Systems must be honored. Abstracting with credit is permitted. To copy otherwise, to republish, to post on servers, or to redistribute to lists requires prior specific permission and/or fee. Request permission to publish from: AIS Administrative Office, P.O. Box 2712 Atlanta, GA, 30301-2712 Attn: Reprints or via e-mail from ais@aisnet.org.
CONCLUSIONS

